Abstract The surgical and anaesthesia needs of low-income countries are mostly unknown due to the lack of data on surgical infrastructure and human resources.
Introduction
Recent estimates propose that as much as 28% of the global burden of disease comprise conditions that are potentially amenable to surgical intervention [1] . With this in mind, the role of surgery in public health can no longer be denied and emergency and essential surgical care must be included in basic healthcare in low-and middle-income countries (LMICs) [2] .
This surgical and anaesthesia infrastructure survey was previously completed in Guatemala [3] , Nicaragua [4] , Bolivia [5] , and Guyana. Guyana serves as the headquarters for the Caribbean Community (CARICOM). Therefore, this study in Guyana serves not only to elucidate the surgical capacity of a second South American country (after Bolivia), but also of the Caribbean, which is relatively less studied. This article aims to increase the knowledge base of surgical care in Latin America and enables initial comparisons to be drawn between nations in this region.
Background
Guyana is a low-middle-income country (LMIC) with a small population of approximately 750,000. Consistent with The World Bank description, 35% of the population of Guyana fall below the poverty line and has a GDP per capita of $8000 USD. Amongst those Guyanese with a tertiary level education, more than 80% have emigrated. Despite housing the headquarters for CARICOM, which is the largest and most powerful economic union in the Caribbean, there are economic and healthcare disparities. Overall WHO health indicators/statistics rank Guyana 128th in the world, with its total expenditure on health as a percentage of GDP as 5.9%. Statistics suggest an overall shortage of healthcare workers and access to medical services. Notably there are too few physician anaesthesiologists, obstetricians, and surgeons. The life expectancy at birth for both sexes in Guyana is 63 years, compared with a global average of 70 years [6] . The mortality rate under 5 years for both sexes is 36/ 1000, which is less than the global average of 51/ 1000. The birth rate (fertility rate) is 2.2/woman as compared with 2.4/woman globally. The Guyana Ministry of Health Maternal Morbidity and Mortality reduction campaign to investigate the root cause of the contributors to the high rate of maternal mortality started since the global average maternal mortality ratio is 210/100,000 live births as compared with GuyanaÕs maternal mortality ratio of 280/100,000 live births. Maternal Mortality is noteworthy as a Millennium Development Goal since 2000 [7] . The percentage of C-sections in Guyana -16.5% -is higher than the recommended WHO rates of 5-10% [8] (Table 1) .
Medical education
Guyana is home to three major centres for medical education: University of Guyana, American International School of Medicine, and Texila American University. Post-graduate education is limited; therefore, Guyanese physicians utilize options for medical training in countries such as Cuba and China. The pathway for Guyanese doctors into Cuban medical training is part of a Guyana government-funded programme to send medical students to Cuba. In addition, there is a sizable representation from the Cuban medical community working in Guyana on the Ministry of Health contracts. Cuban nationals working in Guyana are found in hospitals and health centres throughout the country. Government scholarships support this training and result in an obligatory government service in medical fields for a five-year period. Thereafter, trained physicians choose their site of practice with most practicing in urban areas.
External partnerships for post-graduate education and training in anaesthesia, surgery, obstetrics and emergency medicine are substantial and sustained within Guyana. The Canadian Association of General Surgeons assisted in developing a Diploma in Surgery to promote safe surgical practice [9] . Long-term academic relationships in Guyana have promoted the healthcare system and advancement of specialties, including Emergency Medicine, Surgery, and Obstetrics. Participating universities include McMaster University (Surgery and Paediatrics), Case Western University (Obstetrics) and Vanderbilt University (Emergency Medicine) [9] [10] [11] . Future goals include promoting Anaesthesiology from Vanderbilt University.
National hospital system
Guyana is divided into ten regions with the vast majority of the population density concentrated along the eastern two-thirds of the coast [12] . There are 30 Ministry of Health Hospitals, subdivided as 6 regional hospitals and 24 district hospitals. Despite the small land area, Guyana comprises coastal plains, rainforest, and savannahs. The three most populous areas are Georgetown with a population of 235,017 (Georgetown Public Hospital Corporation), Linden with a population of 44,690 (Linden Hospital), and New Amsterdam with a population of 35,039 (New Amsterdam Hospital).
The aforementioned cities are home to the most comprehensive regional hospitals and house a majority of the surgical infrastructure. Traumafrom road traffic accidents and violence -is the most common surgical presentation. Because of a lack of obstetricians, obstructed labour and other maternal sequelae are expectantly managed without surgery whenever possible. When surgical intervention is required, medical evacuation by fixed wing aircraft is provided by the military or by the volunteer Pilots Association [13] .
Access and availability of facilities
Most of the population within Guyana, about 663,000 people, have access to medical care due to the concentration of population in urban areas. The rural populations are served by district hospitals where the services are limited and distances travelled for care are greater and/or more challenging due to lack of transportation infrastructure. Non-emergent care not available at the district hospital requires a referral to the capital or regional hospitals. This care is limited by distance, transportation, and expense. The average Guyanese living in the rural areas cannot afford to travel for their medical care.
Emergency care at the district hospital is very limited since stabilization typically refers to placing a peripheral intravenous catheter and transporting the patient to a referral hospital. Most district hospitals are without endotracheal and thoracostomy tubes and may not have functional defibrillators.
In-country medical transport
While there are efforts underway to pull together various public and private assets into a coordinated Emergency Medical System under a proposed Guyana National Ambulance Authority, access to medical transportation remains extremely limited. Ground ambulances, which are generally based at individual hospitals and often staffed with untrained attendants, are generally tasked with inter-facility transfers. Ambulance response to the scene of accidents is haphazard at best and not yet supported by an integrated communication or dispatch system. The development of training for Emergency Medical Technicians is in its infancy, with the first 22 basic EMTs completing training in February of 2014.
The development of an effective EMS system to support access to timely emergency surgical care is severely challenged by GuyanaÕs geography. Only a small percentage of the countryÕs nearly 200,000 square kilometres are accessible by road, resulting in a regular need for aeromedical evacuation from interior locations. This need is currently met by a combination of public and private efforts. At times, the government of Guyana may absorb the cost of a medical evacuation flight, either utilizing military aircraft or contracting with private aircraft. In addition, the national Aircraft OwnerÕs Association (AOA) operates under its own ''longstanding policy of evacuating any sick or injured person free of charge on their aircraft'', with over 100 such evacuations reported in 2011 [13] .
Pharmaceuticals and equipment
The Ministry of Health reports the availability of all medicines on the WHO Essential Medicine list. Guyana has a single distributor of pharmaceuticalsThe Materials and Management Unit (MMU) based in Georgetown. Throughout the country, there are chronic shortages of intravenous antibiotics, anti-hypertensive medications, and oral hypoglycaemic (diabetic) medications. Oral analgesia medications are largely available as is injectable (IV) morphine. The same distributor, MMU, is responsible for the allocation and distribution of medical equipment.
University trained pharmacists are available at the regional hospitals. However, district hospitals typically have pharmacy technicians. Biomedical engineers work for Meditron ª , the only biomedical engineering company in Guyana. Meditron ª is a small private company which services the whole country, thus wait time for servicing and repair of equipment is frequently prolonged. Biomedical technicians are available at GPHC, but repair and servicing are limited in part by lack of training and the inability to access service manuals and spare parts, especially for donated equipment.
Methods
Following Vanderbilt University Medical Center IRB approval and approval from the Guyanese Ministry of Health, a systematic survey of 9 hospitals was conducted utilizing the survey tool originally designed by the Harvard Humanitarian Initiative, adapted from the WHO GIEESC situational analysis tool (Appendix A). Because of the unusually small and geographically concentrated population base of Guyana, the major regional hospitals and representative district hospitals were visited and surveyed. The situational analysis tool was adapted to Guyana by addressing all of the applicable points (Appendix A, NGO = non-governmental organization).
Results
The survey was completed in 9 district and regional hospitals in Guyana (Fig. 1 ). Emergency and essential surgery is performed at the regional hospitals in urban areas representing 3 of the 9 hospitals surveyed. In addition, cardiac surgery is available at GPHC, vascular surgery at New Amsterdam, and major orthopaedic and trauma surgery at GPHC, Linden, and New Amsterdam. While four district hospitals are reported to perform surgery, the hospitals surveyed did not routinely operate and no district hospitals had the capability to perform emergency surgery. Basic resuscitation and stabilization are available at the district hospitals, but patients requiring further intervention are routinely transferred to a higher level of care facility. Several district hospitals accepted surgical mission teams who provided the equipment and human resources required.
Access and availability of facilities
The mean catchment population between hospitals was 136,889 (Table 2) , but with a range of 5000-740,000. The average number of hospital beds and operating rooms (OR) per hospital is highly variable ( 
Access to human resources
There has never been an Anaesthesia Society in Guyana. There are 5 physician anaesthesiologists in Guyana, 4 at GPHC and 1 at a private hospital. There are 3 visiting physician anaesthesiologists in Guyana for 2 years via a government to government arrangement, which consists of 1 at GPHC and 2 at regional hospitals. There are 17 nurse anaesthetists in Guyana, 8 at GPHC, 2 at private hospitals, and 7 at district and regional hospitals ( Table 2 ). There are 3 major curriculae for anaesthesia training at GPHC: Diploma in Nurse Anaesthesia (2 years), Diploma in Anaesthesia and Intensive Care (2 years), and Master of Medicine in Anaesthesia and Intensive Care (4 years).
Equipment and infrastructure
Every hospital surveyed had ORs, functional bathrooms, and sterilization capacity. All of the ORs providing surgical services have pulse oximetry, but pulse oximetry in the recovery area (PACU) and/or ICU is not guaranteed. Improvement in patient safety and monitoring could be made with the addition of portable pulse oximetry (Table 2 ).
Operative data
The total case volume in the hospitals surveyed was 11,860 annually. The mean number of cases per hospital was 3447 annually at regional referral hospitals. Six of the 9 hospitals surveyed routinely collect operative data. Amongst the cases reported, 32.1% of cases were classified as urgent or emergent (necessitating surgery within 6 h), 21.3% were classified as non-emergent general (adult, not sub-specialty) surgical, 4.6% of cases were paediatric, 23.6% were obstetric, and 18.4% were sub-specialties, including orthopaedic, ENT, vascular, and ophthalmic cases. The regional hospitals surveyed collected Caesarean section rates. Within these 3 hospitals, the average percentage of births that resulted in Caesarean section was 16.1%.
Outcomes data
The ability to track outcome data varied greatly amongst the surveyed hospitals (Table 2) . Of the 4 district hospitals providing surgical outreach (via visiting surgeons), 2 hospitals reported no operative deaths in the past year, 1 hospital reported 1 operative death in the past year (case fatality rate = 0.001%), and 1 hospital could not report the operative deaths indicating that the records were kept by the surgical mission team. Of the 3 regional hospitals, 1 reported no operative deaths, 1 reported 2 operative deaths and 1 postoperative death, and 1 reported 3 operative deaths and 1 immediate post-operative death. None of the regional hospitals reported deaths within 24 h of surgery or anaesthesia.
Discussion
This survey of 9 hospitals in Guyana reveals limits in the provision of emergency surgery and challenges in anaesthesia safety similar to situations documented in other countries by these surveys. The unique attributes of surgical care in Guyana include the absence of surgery at the district hospital level and the range of surgical services provided at the regional facilities, including a relatively high caesarean section rate.
Surgery and safe anaesthesia
Similar to many hospital systems in LMICs, Guyana functions with district hospitals and regional referral hospitals. The WHO recommends that district hospitals provide emergency surgery to optimize outcomes [14] , but few district hospitals in Guyana are capable of providing these services. The contribution of trauma and maternal conditions to overall morbidity and mortality will only be improved when safe anaesthesia and emergency surgery are immediately available at the point of first patient contact. The geography of Guyana poses unique challenges for transportation and transfer of patients from rural areas to the urban regional facilities. While a smaller percentage of the population resides in these areas, the role of the district hospital in Guyana cannot be diminished. As predicted by other surveys, the regional hospitals have the most robust surgical capability. However, this survey reveals deficiencies at this level as well. Therefore, improvements in surgical infrastructure and anaesthesia must be prioritized throughout the system with support from the Ministry of Heath for overall improvement in population health in Guyana. Tracking of perioperative mortality rates will similarly improve anaesthesia and surgical outcomes and should be collected, reported, and compared with other countries in the WHO Americas region [15] . [16] , and yet surgery continues. Companies such as LifeBoxª are addressing this problem, and have made a pulse oximeter for a retail cost of around $250 USD. Other low-tech, durable solutions are urgently needed in these settings to ensure safety.
Equipment and patient safety

World Health Organization Americas regional comparison
Comparisons can be made between Guyana and other LMICs in the WHO Americas region where this survey has been completed [6] . Nicaragua has 580 OB/GYN, 1040 non-OB/GYN surgeons, and 250 anaesthesiologists [4] . NicaraguaÕs national referral hospitals perform 7776 surgeries annually and all but six (out of 28 surveyed) of their primary hospitals provide surgical services. Guatemala, by comparison, provided surgical services at 21 (out of 22 surveyed) hospitals with an average of 6.7 OB/GYN, 7.8 non-OB/GYN surgeons, and 3.8 anaesthesiologists per hospital and performed 4305 surgeries annually at their national referral hospitals [3] . Bolivia, a country in South America, has 1270 OB/ GYN, 1807 surgeons, and 500 anaesthesiologists, thus placing a large anaesthesia burden on the country [5] . Basic and general hospitals in Bolivia performed an average of 730 and 2858 operations per year, respectively [5] . Although comparisons can be made between LMICs in similar WHO regions, population differences of Nicaragua (8 times larger), Guatemala (20 times larger), and Bolivia (14 times larger) make Guyana unique in assessing the deficiencies to provide safe surgical and anaesthetic care.
Conclusion
Surgery is essential to healthcare systems and public health [17] . Emergency and essential surgery and safe anaesthesia are not adequately available to address the surgical and trauma burden, and the countrywide goals are to decrease the maternal mortality rate in Guyana. Additional factors limiting safe anaesthesia and surgical care include equipment, essential medications and blood products. Unlike many LMICs, Guyana is also working to improve pre-hospital care through developing and improving the EMS. This has the potential to impact trauma and maternal outcomes, both in the urban areas and the vast rural areas. Bolstering the surgical training at GPHC and encouraging Guyanese physicians to stay in Guyana will improve GuyanaÕs surgical capacity. With sustained external support to build important medical specialties, Guyana is poised to improve anaesthesia, surgical safety, improve outcomes, and become a model for healthcare in Latin America.
